The search for appropriate filler, which can be used for aesthetic and reconstructive operations is currently one of challenges for plastic surgery. The application of absorbable and permanent artificial fillers may cause adverse events. Thus, autologous fat grafting can be a safe alternative. Moreover, fat tissue is rich in adipose-derived stem cells (ASC), which can be successfully used for regenerative procedures. The paper reviews reports on fat grafting procedures, which indicate risks and their possible prophylactic. Adipose tissue is a much more prolific source of ASCs than bone marrow. Basically, ASC are characterized by a spectrum of markers: CD11b-CD45-CD13+CD73+CD90+, which can be widened by CD36+CD-106-CD10+CD26+CD49d+CD49e+CD3-D49f -PODXL-to improve phenotyping. It is suggested to use at least two negative markers and two positive markers during the same phenotyping analysis. Fat transfer requires appropriate approach, planning and technique to make it clinically successful. Fat grafting fulfills the expectations for ideal injectable agent, which can be used for aesthetic and reconstructive surgery. To improve the survival of fat graft, careful decisions on donor site, local anesthetic administration, liposuction method, processing and placement methods need to be made. Moreover, fat is the source of adipose-derived stem cells which can be used for regenerative procedures. A proper transformation and identification of those cells is required to improve clinical effects.
Introduction
The search for the ideal material to correct soft tissues defects, has been and still is a challenging concern for surgeons. The ideal injectable agent for soft tissue augmentation must fulfill certain criteria. It must be easy to use, biocompatible, inexpensive, and non-toxic. Furthermore, such an agent should fill the tissue envelope with a natural feel and appearance for optimal cosmetic effect, and it must produce consistent and reproducible results. For years different types of implants were used in plastic and reconstructive procedures such as breast implants, buttock implants with acceptable results, but implant remain an artificial material, which causes side effects. In many cases an artificial appearance and effect was observed. The final aesthetic effect is dictated by the shape of the implants and complications, such as: rejection, infection, capsular contracture, asymmetry and folding. Recently, reports on anaplastic large cell lymphoma related to breast implants were published [1] . Fat can serve for autologous grafting, but it is also a richest source of stem cells, which, after proper identification and differentiation can be used for regenerative procedures.
Artificial fillers and the adverse events of their use
Fillers used in last five decades are categorized into absorbable (biodegradable, non-permanent) and permanent (not biodegradable) [2] . Permanent fillers (liquid silicone, paraffin, polyacrylamide hydrogel) and non-permanent (hyaluronic acid) [3] are used in the most commonly performed procedures in the cosmetic practice. As its usage is expanding, the possibility of complications is likely to increase [4, 5] . Even in the hands of an experienced specialist, various complications can occur. The causes of side effects after administration of artificial fillers are: local reactions in injection site, inadequate technique, allergy or hypersensitivity to the filler or circulation impairment [6] . The localization of injection plays a role as well. The complications of fillers administration are categorized depending on the time of onset into early, which develop days to weeks and delayed appearing weeks to years after intervention [7] . Reactions in injection site are acute and their risk is increased by the use of anti-platelet drugs, anticoagulants, vitamin E or alcohol [8] . Moreover, HA, polyacrylamide gel, and poly-L-lactic acid can promote the growth of Staphylococcus epidermidis and cause complications related to filler contamination, particularly after multiple needle passes [9] . Unintended intramuscular injection is an example of inadequate technique of filler administration. Collagen, HA and poly-L-lactic acid can induce granulomatous response, which in some cases can be asymptomatic or manifest as erythema, swelling or nodule formation [10, 11, 12] . Circulation impairment caused by vascular compression and leading to necrosis or vision loss results from filler administration in the problematic regions or "danger zones" like glabella area, cheeks, nasal ala, peri-oral or temporal area [13, 14, 15] .
Liposuction as the source of fat for autologous graft
One of the most widely used plastic surgery procedures in recent years is liposuction. According to the report of American Society of Plastic Surgeons National Clearinghouse of Plastic Surgery Procedural Statistics in 2016 liposuction was on second place after breast augmentation in the ranking of 5 top plastic surgery interventions [16] .
New plastic surgery techniques and technology, like fat transfer, enable more safe methods of soft tissues defects correction. Fat fulfills many of the characteristics required of a soft tissue filler. It is autologous, non-toxic, biocompatible, easily available in most patients, potentially removable and long lasting [17] . Despite the appeal of fat and widespread adoption of fat grafting in plastic and reconstructive surgery, challenges and concerns remain with this procedure. In particular, obtaining predictable, reliable, and consistent outcomes is a significant challenge and it is due to the high variability in graft volume retention. As much as 40-80% of the volume of fat injected could be lost due to necrosis or resorption [17] . The unpredictable outcome is largely attributed to the technique of fat grafting that encompasses three stages: procurement, processing, and placement of the fat.
The first 'fat grafting' procedure dates back to the late 19th century. Gustav Neuber, a German surgeon transferred in 1893, fat from the arm to the orbital region to correct scars formed from osteomyelitis [18] . Already two years later, in 1895, Viktor Czerny transferred a lipoma to the breast to establish symmetry following a unilateral partial mastectomy [19] . In 1909 Eugene Holländer used injected fat as a natural filler for the correction of face and breast deformities and described it one year later [20] . The experience of surgeons during World War I, when cartilage and fat were used for reconstructive operations in wounded soldiers, led to systematic studies, like the work of Erich Lexer [21] . The studies on the conditions required for fat graft survival were carried on in 1950's by Lyndon Peer [22] . A milestone in the development of fat grafting was systematization and standardization of techniques of fat extraction, processing, and injection by Sydney Coleman in 1990's [23, 24] . Since that point, the procedure's application has significantly increased along with a wider variety of clinical applications.
Liposuction and its development nowadays offers not only a method of fat removal or body sculpting, but above all, it gives an access to the patient's fat as a natural and safe filler with a low rate of complications. Moreover, it is a minimally invasive procedure that does not leave scars and it is the richest source of stem cells.
Fat grafting is a process of using patient's fat from other parts of the body and filling the soft tissue defects for various purposes: aesthetic (breast and butt augmentation or face and hands rejuvenation), corrective (e.g. body asymmetries) and reconstructive (e.g. breast reconstruction after mastectomy). Furthermore, fat grafting has opened new frontiers for plastic surgeons and for other medical specialties, and have increasingly focused the attention not only due to its aesthetic capabilities, but also because of its regenerative properties.
Fat tissue as the source of stem cells
The regenerative properties of fat are due to the high content of mesenchymal stem cells (MSCs) with multilineage differentiation potential, which were identified in fat in early 2000's [25] . Adult MSCs were predominantly thought of as a bone marrow product and according to unifying theory located in the perivascular space in different tissues or organs [26] . Two fractions of cells can be obtained from adipose tissue. One is stromal vascular fraction (SVF), which is freshly isolated following enzymatic treatment and consists of heterogeneous population of cells including vascular progenitors, fibroblasts, pericytes and mesenchymal stromal cells, but also endothelial cells, erythrocytes, fibroblasts, lymphocytes, monocyte/macrophages, without mature adipocytes [27] . According to the joint statement of the International Federation for Adipose Therapeutics and Science (IFATS) and the International Society for Cellular Therapy (ISCT) [27] 
CD3
-D49f -PODXL(Podocalyxin) -improves phenotyping specificity [27] .
As it turns out, adipose tissue is a much more prolific source of ASCs than bone marrow. The ASCs content in liposuction aspirate fraction is much greater (10%) [28, 29] than in bone marrow (0.001% to 0.01%) [30] . Coupled with the uncomplicated extraction of adipose tissue it opened up a new chapter for the field of regenerative medicine. Clinically, fat grafts are used to rejuvenate skin, support the restoration of tissue after radiation damage, and to treat autoimmune skin disorders. But there is a potential to use ASCs in all areas of the body, if the cells will be processed further. Adipose tissue can be processed in several ways. Fat grafting, the most basic technique, can deploy some of the regenerative powers of ASCs to injured tissue. However, not all injured areas are amenable to a 'fat graft.' In this case, isolation of ASCs from the adipose tissue has even greater potential as these cells can then be delivered intravenously or intra-arterially to places unsuitable for fat grafts. Finally, ASCs can be cultured ex-vivo in a laboratory settings to expand significantly the population of these regenerative cells.
There are many ongoing experimental animal studies and clinical trials using adipose derived MSCs to treat conditions as varied as chronic obstructive pulmonary disease (COPD) [31] , pulmonary emphysema [32] , congestive heart failure [33] , osteoarthritis [34] , diabetes [35] , autism [36] , Crohn's disease [37] , multiple sclerosis [38] , Parkinson's disease [39] , macular degeneration [40] or urinary incontinence [41] .
Fat transfer requires appropriate approach, planning and technique to make it clinically successful. The final effects may vary depending on the donor and the recipient site and on the surgeon (liposuction method, processing, time from harvesting to implantation, etc.). Several different lipotransfer techniques have been developed during recent years, but still there is no gold standard [17] . No clear recommendations exist about the best way to ensure maximum survival of the graft. The controversy concerns: ideal cannula to collect and inject the fat, contamination with blood, effect of injuries on fat cells, exposure of fat cells to the air, longevity and vitality of fat cells. Few groups worked on procedure standardization and indicated some key points: preferred donor sites at the low abdomen and inner thigh, lower negative pressure during liposuction for fat harvesting, careful centrifugation, which enables well tissue isolation with sufficient growth factors and ASCs yield, injection of small graft volumes and cell enriched fat transfer (CEFT) [42, 43, 44] .
Moreover, the surgical experience and literature provide support for crucial steps of fat transfer. Donor site may vary, however, usually fat is harvested from the abdomen, lateral or anterior thighs and knees, or from the lower back. Regardless of, whether there is an optimal donor site, experts suggest, that some sites may be preferable to others. Some studies have shown that lower abdominal fat contains more stem cells compared to other areas [45] . Fat survival can depend on the count of stem cells, which support the graft through adipogenesis and angiogenesis [46, 47] . However, other studies have not shown the effect of donor site on fat survival [48, 49] . Different effects observed may result from the age and comorbidities, which were not taken into consideration.
Few studies related to the effects of infiltration have not shown adverse effects of local anesthetics or epinephrine on fat graft survival [50, 51] . However, Keck et al. [52] reported moderate effect of mepivacaine and ropivacaine and severe unfavorable influence of articaine/epinephrine and lidocaine on preadipocyte viability. Thus low concentration of anesthetics or epinephrine should be preferred.
Currently a spectrum of liposuction methods is used in plastic surgery including conventional liposuction, power-assisted liposuction or manual with syringe, Coleman technique, internal ultrasound-assisted liposuction and external ultrasound-assisted liposuction [44] . It was reported that low harvest pressure (-250 mmHg) resulted in higher adipocyte count compared to high pressure (-750 mmHg) [53, 54] . Until now, there is no clear evidence that any type of harvesting technique is beneficial compared to the others, however the results of national survey of the American Society of Plastic Surgeons suggest that hand-held manual suction is the preferred technique [55] . As for harvesting cannulas, larger sizes (≥4 mm) may be preferable as they appear to increase adipocyte survival rate [56, 57] .
Processing of harvested fat affects also the graft survival. It provides concentrated adipocytes, eliminates tumescent fluid, blood with hematopoietic cells, disrupted cells and free oil . Processing procedures widely used are: filtration, centrifugation and sedimentation [55] . However, there is no clear evidence for the superiority of any of these methods [44] .
The final step of fat transfer is the placement of the graft. Crucial for this phase of fat transfer is to inject small aliquots of fat between layers of host tissue in uniform manner to enable well integration with surrounding and survival. The cannulas with wider-diameter (2.5 mm) used for fat placement improve fat graft survival compared with small-diameter cannulas [56] .
Elaboration of standard operating procedure for liposuction
Samir Ibrahim elaborated standard operating procedure (SOP) currently used in Mandala Beauty Clinic after 20 years of experience with liposuction and fat grafting to different parts of the body (buttocks, breast, hands, face and to other body areas) and having the opportunity to work closely with world leaders of liposuction and fat grafting such as Luiz Toledo at Obagi hospital (Riyadh, Saudi Arabia), John A. Millard (Denever, USA), Alfredo Hoyos (Bogota, Colombia) and Yves-Gerard Illouz (France).
This SOP relies on: 1. Delicate handling during the whole process, which is of utmost importance to preserve graft integrity. Exposure to inappropriate external forces, including mechanical, chemical, or barometric, should be avoided to minimize the risk of cellular damage and necrosis. Harvested fat should be maintained as close as possible to body temperature.
2. Preoperative planning is important. A thorough medical history and patient physical examination are crucial for breast deficit evaluation. Assessment of the donor site (reconstruction may be needed in the future with donor area tissues) and prior breast surgeries affect preoperative planning. It is essential to determine the amount of fat needed for reconstruction.
3. Sterile technique. General principles of sterile technique should be monitored at all stages of the procedure.
4. Tumescent solution. In general 1 mL of tumescent solution is injected for every 1 mL of lipoaspirate. Local anesthesia is performed with 20 ml of 1% lidocaine + 1 amp. epinephrine (1 mg/1ml ) in 0.5 L of 0.9% NaCl solution. At least 10-15 minutes are needed for the vasoconstrictive effects.
5. The use of 2.9, 3.6 or 4.6 mm cannulas depending on the donor site. The applied suction pressure is -250 mmHg and ultrasound Vaser Lipo device is used for liposuction.
6. Efficacious and continuous procedure. Harvest, process, and inject immediately.
7. Lipotransfer, placement of the graft is based on spread injections enabling even distribution.
To conclude, fat grafting fulfills the expectations for ideal injectable agent, which can be used for aesthetic and reconstructive surgery. To improve the survival of fat graft careful decisions on donor site, local anesthetic administration, liposuction method, processing and placement methods need to be made. Moreover, fat is the source of adipose-derived stem cells which can be used for regenerative procedures. A proper transformation and identification of those cells is required to improve clinical effects.
